. A range extension for Carex sartwellii in interior Alaska.
Introduction
In summer 2011, while studying shrinking lakes and plant succession in the Yukon Flats (Wahrhaftig 1965) , interior Alaska, we observed a sedge, Carex sartwellii Dewey (Sartwell's Sedge), that we believed at the time to be undocumented in Alaska. We found C. sartwellii in 16 plots on nine shrinking lake basins in the southern portion of the Yukon Flats ( Figure 1 ) and collected nine specimens from seven lakes as vouchers (Table 1) . We found this species in two community types: wet/mesic graminoid forb meadows and open tall shrub meadows on lacustrine alkaline soils ( Figure 2 ). These community types are the result of shrinking lakes, which have been documented across Alaska as a potential effect of climate change (Klein et al. 2005; Riordan et al. 2006; Roach et al. 2011; Rover et al. 2012 ).
Previous to our study, there had been only two documented collections of C. sartwellii, both from the Yukon Flats. Few studies have documented the flora in the Yukon Flats, Alaska (Johnson and Vogel 1966; Holloway and Alexander 1990; Talbot 1991; Heglund 1992; Larsen et al. 2004; Cortés-Burns and Carlson 2006) . The remoteness and vastness of the region may have contributed to the rarity of collections, as field studies are logistically difficult. The area is accessible only by snow machine, boat, or small aircraft, and the terrain is difficult to cross on foot. Furthermore, the assumed absence of this sedge from Alaska and Yukon (Hultén 1941 (Hultén -1950 may have contributed to collections being misidentified as Carex praegracilis W. Boott (Clustered Field Sedge) and overlooked. Carex sartwellii was not included in the treatments of the flora of Alaska or Yukon (Hultén 1968; Welsh 1974; Cody 2000) . A. A. Reznicek adapted a Cyperaceae key from the Flora of North America (Ball and Reznicek 2002) for Alaska (Reznicek 2012 ) that included C. sartwellii, and led to the correct identification of our collections.
Carex sartwellii has been documented from New York and Quebec to Colorado and Washington in the west, and north to Northwest Territories and Yukon (USDA 2014). The distribution in Figure 1 
History of Collection of Carex sartwellii in Alaska and Yukon
The first report of C. sartwellii in Alaska oc curred over a century ago. Kurtz (1895) reported its collection by Aurel Krause in 1882 on a grassy slope by the Klehini River near the village of Kloquan (Klukwan) in southeast Alaska. Hultén (1940) noted that Krause's collections from Alaska had been accessioned by Dr. Frederico Kurtz at the herbarium of the National University of Cordoba, Argentina (CORD), and duplicates were sent to the Botanical Garden and Botanical Muse-um (B) in Berlin, Germany. Hultén (1941 Hultén ( -1950 mentioned the report of C. sartwellii by Kurtz (1895) under his treatment of C. praegracilis, but noted the specimens supporting this record at B were lost during World War II. However, no duplicate collection of C. sartwellii was found at CORD (G. E. Barboza, personal communication, 1 April 2015). Because no collection could be verified, Hultén referred this report to C. praegracilis because, at the time, C. sartwellii was thought not to oc cur north of British Columbia, Canada (Hultén 1941 (Hultén -1950 .
In 1948, the first documented collection of C. sartwellii was made by William Benninghoff in the Yukon Flats near the village of Beaver (Figure 1 
Ecology

Yukon Flats
The Yukon Flats are located to the north of the Yukon-Tanana Uplands (Nowacki et al. 2002) and to the south of the Eastern Brooks Range (Figure 1 ). They were formed by the alluvial fans of the Chandalar and Porcupine rivers and the floodplain of the Yukon River (Williams 1962) . The region has a mixed geology of alluvial sediments and aeolian silts and sands, largely deposited during the Pleistocene (Williams 1962; Muhs et al. 2003) . The area is covered with approximately 40 000 shallow closed basin lakes (Heglund and Jones 2003) and is underlain by discontinuous ice-poor permafrost (Nossov et al. 2013 ). The climate is continental with low precipitation, averaging 16.7 cm annually (Drury and Grissom 2008), and negative potential evapotranspiration (Oechel et al. 2000 (Williams 1955) .
Shrinking lakes
Our collections suggest that C. sartwellii occurs in a community type that may have been rarer in the recent past. The continental climate of the region, low precipitation, and high potential evapotranspiration (Oechel et al. 2000) , along with increased annual temperatures and growing season length because of climate change (Chapin et al. 2005) , are contributing to changes in the hydrology of shallow basin lakes (Riordan et al. 2006; Roach et al. 2011; Rover et al. 2012) . Seasonal and interannual shrinking of these lakes results in a distinctive pattern of concentric rings of plant communities (Figure 2) . These communities are underlain by lacustrine sediments rich in carbonates and with high pH (Heglund and Jones 2003; M. W., unpublished data), which, in combination with the high potential evapotranspiration, create alkaline soils around the lake margins and a favourable habitat for C. sartwellii (Stewart and Kantrup 1972) . These plant communities are organized along a moisture gradient and follow the general pattern: lake edge, wet graminoid, wet/mesic grami noid forb meadows, open tall shrubs, forest.
The soils where C. sartwellii was collected are of lacustrine origin, highly organic with abundant mollusc shells, moderate to basic pH ranging from 6.78 to 7.97 (M. W., unpublished data), and often with a salt crust on the surface. Although C. sartwellii is noted as being an obligate wetland species (Lichvar 2013) , we found it on soils that were not inundated with water. This may indicate that the site is seasonally wet and that the lake margins fluctuate with spring snow melt. The species was not found at the lake edge in standing water, although it is possible that vegetative shoots may have been overlooked in some plots because of the infrequency of reproductive shoots (Reznicek and Catling 2002a) and unfamiliarity with the species at the time of sampling.
We found C. sartwellii growing in open mesic to wet graminoid/forb meadows and open tall shrub meadows (Figure 2) . In wet to mesic graminoid meadows it was commonly associated with Carex aquatilis Wah len berg var. aquatilis (Water Sedge), Carex atherodes Sprengel (Wheat Sedge), Carex utriculata Boott (Northwest Territory Sedge), Geum macrophyllum var. pernicisum 
Morphology
Carex sartwellii (Carex sect. Holarrhenae) and C. praegracilis (Carex sect. Divisae) share many similar morphological traits (Reznicek and Catling 2002a,b) . Both species have unisexual or androgynous spikes; beaked perigynia of similar size and shape; an abaxial suture arising at the beak; and both are aphyllopodic and loosely rhizomatous. However, there are diagnostic differences that can be observed in the field to separate them. The four easily identifiable differences in morphology between the two species are in the venation of the perigynia, the leaf sheath fronts, the leaf sheath apices, and the presence of true vegetative stems in C. sartwellii (Table 2, after Ball and Reznicek 2002) .
The perigynia of C. sartwellii are veined on both faces whereas, on C. praegracilis, they are only veined abaxially. The leaf sheath front is a region located opposite and just below the disarticulation point of the leaf blade from the culm. In C. sartwellii, green veins of the culm continue into the leaf sheath fronts nearly to the sheath apex and are uniform in appearance with the rest of the leaf sheath around the culm, whereas, in C. praegracilis, the leaf sheath fronts are veinless and membranous and differentiated from the rest of the leaf sheath. The apices of the leaf sheath fronts in C. sartwellii are prolonged 1-4.5 mm but they are not prolonged in C. praegracilis. Finally, C. sartwellii produces true vegetative culms that are tristichously leaved and have the distinctive venation described above on the leaf sheath fronts. Carex praegracilis does not produce vegetative stems, but pro duces a basal rosette of leaves when growing vegetatively. In addition, there are differences in the ligule, which is more pronounced in C. sartwellii (2.2-8 mm) , than in C. praegracilis (0.6-2.6 mm).
Reznicek (2012) distinguishes the sections that include these two species in the Alaskan Cyperaceae with the following key:
Conclusion
Based on the 1948 Benninghoff and 1982 Talbot collections, this species has occurred in Yukon Flats for some time, and our 2011 collections are not likely a result of a recently established population. It is likely that the vast terrain, limited access to the region, and few field studies have contributed to the rarity of collections over the years. Furthermore, if the lack of col lections of C. sartwellii in the past were a result of misidentification as C. praegracilis, then we would expect more corrected identifications of C. sartwellii from Alaska at herbaria; yet this is not the case. However, the misidentification of the Benninghoff specimen by E. Hultén and Hultén's assumption (Hultén 1940 (Hultén -1951 that C. sartwellii did not occur north of British Columbia, Canada, did have a cascading effect on subsequent treatments of the flora in Alaska and Yukon (Hultén 1968; Welsh 1974; Cody 2000) .
It may also be that this species is more abundant now because of increases in favourable habitat in the Yukon Flats as a result of climate change. It is unusual that there were only two single collections made in 63 years in the Yukon Flats, but we collected it at nine plots in seven lakes across a distance of approximately 15 km. We targeted drying lakes in our sampling efforts which likely increased our collections, but there are differences in the abundance of favourable habitat between the north and south sides of the Yukon River. The Ben ninghoff and Talbot collections were made on the north side of the Yukon River, where there are fewer drying lakes (Rover et al. 2012) , whereas our collections were on the south side (Figure 1) .
Our collections, the Benninghoff collection, and the Talbot collection represent separate populations from the nearest documented collections of C. sartwellii, which are about 850 km away in Yukon, Canada. What is not clear is whether, collectively, these are a fragmented population in the Yukon Flats or they are connected by habitat across the interior of Alaska to the collections in Yukon. For the extension of the range in Alaska, we outlined the geographic area of the Yukon Flats (Figure 1 ) because of its distinct climate (Oechel et al. 2000) , geologic history (Wahrhaftig 1965; Muhs et al. 2003) , and the pattern and extent of shrinking lakes (Riordan et al. 2006; Roach et al. 2011; Rover et al. 2012 ). These factors have created a patchwork of habitats for this species across the region. This sedge should be looked for in areas of similar habitats elsewhere in Alaska. 
